Abstract Actinomycin D (AMD) is an anticancer antibiotic that can bind selectively to both double-stranded and single-stranded DNA, and this binding greatly enhances DNA photosensitization. Using electron paramagnetic resonance (EPR) in combination with spin trapping techniques, a systematic study was carried out on the reactive oxygen species generated in the photosensitization process of AMD. It was found that O are important reactive intermediates either in solution or in DNA complexes, and the generation of these species is in competition. This finding suggests that the photodynamic action of AMD proceeds via two pathways: energy transfer (type I mechanism) and electron transfer (type II mechanism).
O are important reactive intermediates either in solution or in DNA complexes, and the generation of these species is in competition. This finding suggests that the photodynamic action of AMD proceeds via two pathways: energy transfer (type I mechanism) and electron transfer (type II mechanism).
1 O 2 is the main product formed via energy transfer reaction in solution while electron transfer between the excited states of AMD and DNA becomes the predominant pathway in DNA complexes.
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Actinomycin D (AMD) is one of the most widely studied antitumor antibiotics, and two cyclic pentapeptides are contained in its molecular structure which are covalently attached to a phenoxazone chromophore ( fig. 1 ). The main difference between different actinomycins is the amino acids in the polypeptide side chains and their sequences. AMD generates a wide variety of biochemical and pharmacological effects, and is used clinically.
The pharmacological action of AMD can be traced to its interactions with DNA, particularly to its ability to inhibit DNA transcription [1] [2] [3] , and the inhibition has been attributed to double-stranded DNA (dsDNA) binding, which occurs by intercalation. More recently, it was found that AMD is highly effective in inhibiting human immunodeficiency virus (HIV) reverse transcriptase as well as DNA polymerases [4, 5] , which is attributed to sin- gle-stranded DNA binding with high affinity [6, 7] . In view of the interactions of AMD with both dsDNA and ssDNA and the fact that AMD has strong absorption in the visible range, it should be interesting and of significance to study the photosensitizing properties of AMD, especially in DNA complexes. In fact, Zhdanov and his coworkers [8] have found that AMD can induce virus death efficiently under visible light irradiation, and this is the first report on AMD photodynamic action. In our previous studies [9] , we found that photoinduced electron transfer oxidation occurs between AMD and DNA. In order to make a further insight into the primary processes of AMD photodynamic action, a systematic study on the reactive species generated in this process was carried out by using of electron paramagnetic resonance (EPR) and spin trap techniques, and the possible mechanism of its photodynamic action was discussed.
Materials and methods
AMD(98%) and calf thymus DNA (dsDNA) were purchased from Sigma. 5,5-Dimethyl-1-pyrroline-N-oxide (DMPO), 2,2,6,6-tetramethylpiperidine (TEMP) and 1,4-diazabicyclo [2·2·2]-octane (DABCO) were from Aldrich. NADH, SOD and histidine were from Shanghai Shenggong Chemical Co. ssDNA was prepared by heating dsDNA in neutral aqueous solution at 90°C for 10 min followed by chilling in an ice-salt bath. Water was triply distilled before use. The solvent used is a mixture of DMSO and phosphate buffer (1︰1 (volume ratio), pH 7.0).
Steady state absorption spectra were measured on a Shimadzu UV-210A double-beam spectrometer. Measurements of EPR spectra were carried out on a Varian E-112 spectrometer operated at room temperature (X band, microwave frequency, 9.17 GHz). Irradiation was carried out by using a 500 W xenon lamp, and light with wavelength less than 400 nm was cut off by a long-pass filter. The solutions containing AMD and spin trap were injected into a specially made quartz cell and purged with nitrogen or oxygen for 20 min according to the experimental requirement, and then illuminated directly in the microwave cavity. Instrumental settings for 
Results and discussion
2.1 Steady state absorption spectra Curve 1 in fig. 2 shows the UV-Vis absorption spectrum of AMD (0.015 mmol/L) in neutral solution, and the maximum absorption (λ max ) is at 435 nm. When dsDNA (1 mmol/L base pair) was added into the solution, the absorption of AMD decreases significantly ( fig. 2 , curve 2), and the absorption peak moves to 448 nm, with a red-shift of 13 nm. It is attributed to AMD-DNA complex formation, which occurs via intercalation of the AMD chromophore into DNA base pairs
